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Repatriation Sanatorium] Kenmore, Brisbane
The purpose of this paper IS to ~nalyse
the nature of dyspnrea and to examine the
use of breathing exercises in the light ~f
thIs analysis. Although no part of thiS
concept of dyspno.:a IS entIrely novel, the
whole cOl1cept has not been advanced
prevlously.
Part I: The Nature of Dyspnrea.
THE PHYSIOLOGY OF DYSPNffiA
Dyspncea is a syn1ptom which is felt as
shortness of breath or a tightness in the
chest. It is a nofInal physiological sensa-
tion produced in norinal people by suffi~ient
physIcal exertion" The abnormal dlffer
from the norlllai by experiencIng the sensa-
tion with less physIcal exertion or even at
rest.
The symptoll1 is of varying intensity and
when first recognized the sensation is slight.
During exercise it can increase to such
severity that it becomes intolera~l~ a~d
causes the individual to cease exercIsIng In
order to obtain relief.
It is advIsable to distinguish between
dyspnoea as a sensation and grades. of
dyspncea mea?ured in terms o~ the physIcal
exertion requIred to produce It. ~he .most
convenient measure of dyspncea 1S SImply
the amount of exertion which produces the
symptom. This is really the exertion level
of dyspncea and patients can be. graded
according to the amount of exertIon pro-
ducing the symptol11.
The symptom of ?yspncea is. ess~ntial~y
an awareness of dIfficult reSpIration; In
other words, respiration becomes an effort..
It is a feature of skeletal muscular
activity that the sense of effort experienced
is related to the degree of opposing
ance. This appears to apply to the respIra-
tory musculature, as it can be demonstrated
that dyspncea is produced mo:e ;eadil"Y
when the resistance to reSpIration IS
Increased by either a tIght chest-binder or
by breathing through a narrow tube" Also
it has been found that IncapacItatIng
dyspnoea is produced faIrly constantly when
the resisting force of the lungs reaches
about 40 centImetres of water pressure
(Marshall et al~i, 1954).
The sequence of events appears to be:
InCl eased re~l~tance to ret,plratlon ~ Increa..,ed
1 eSplratory eftol t -7 Dy~pncea
NorInally, dyspncea is not experienced in
the absence of physIcal exertlon. It can be
predicted that physical exertion must
Increase the reslstance to reSpIration to
cause dyspncea. This is found to be the
case as exertion produces hyperventilation
which in turn increases the resistance.
In ventrlating the lungs, the respiratory
muscles are opposed by both elastic and
frictional resistances. The degree 0 f elastic
resistance of the thorax and lungs IS pro-
portional to the amount of deforlnation and
is not related to the rate of n1ovement-the
greater the stretch, the greater the resist-
ance produced. It follows that the elastic
resistance will be greater for deep breathIng
than for shallow breathing.
An equally important resistance to
breathing is produced by the frictional
resistance of the air flowing through the
air passages. Frictional resistance is
Increased by narrowing of the bronchial
tubes or by increasing the rate of respira-
tion. Whether due to increase in the rate
or depth of respiratIon, hyperventilation
will be opposed by an increased resistance.
The relationshIp between exerCIse and
dyspno:a can be expressed in the following
manner:
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In the absence of variations due to
physiological and pathological factors there
is a proportional relationship between exer-
cise and the other functional changes. So
that in any individual dyspncea is produced
by a relatively constant amouni of exertion.
PATHOLOGY OF DYSPNCEA.
The relationship is altered when patho-
logical changes independently increase any
of the links il1 the chain of events. The
increase due to pathological change supple-
ments the effect of exercise. In con-
sequence, less exercise is required to pro-
duce dyspncea. If pathological changes
increase ventilation, the degree of hyper-
ventilation leading to dyspncea will be pro-
duced by less exertion than previously.
Similarly, any increase in the normal resist-
ance to breathing will mean that less exer-
cise will produce the symptom.
Lastly, it is probable that the sensation of
respiratory effort will be increased by
lTIuscle weakness or by heightened aware-
ness. In both instances less exercise will
produce the symptom of dyspncea.
Most of the research into the pathological
changes has been concerned with specific
problems without necessarily being related
to the broad chain of events concerned.
Consequently a lot of investigation is still
required before the present concept can be
claimed to be anything more than a u5eful
working hypothesis. Within these l~nlits an
examination will be made of alterations in
the three intermediary factors linking exer~
cise with dyspncea.
Hyperventilation.
Abnormal hyperventilation is produced by
defective gaseous exchange within the lungs
or by an imbalance of the normal nervous
reflexes controlling respiration. N eurogenic
hyperventilation may be caused bv anxiety
and certain neuroses. When the blood-gas
exchange within the lungs is defective,
bodily requirements are met by a con1pel1-
satory increase in ventilation. As a result
the individual hyperventilates more than
usual during exercise. Consequently the
degree of hyperventilation that produces a
noticeable respiratory effort will be pro-
duced more readily and by less exertion
than usual.
The various types of defective blood-gas
exchange include: (i) uneven ventilation
of the lungs (emphysema); (ii) defective
diffusion across the alveolar membranes
(<:edema, sarcoidosis) ; (iii) vascular shunts
within the lungs.
Abnormal hyperventilation can be
detected by measuring the ventilation during
a standard amount of exercise. The
simplest test is one called the Walking
Ventilation Test (W.V.). The individual
walks at 180 feet per minute for three
minutes. If the volume of air exhaled
exceeds 20 litres per minute, hyperventila-
tion is considered to be present. With this
and other similar tests there has been insuf-
ficient study of the normal range in different
age groups. The test is not sufficiently
sensitive to detect minor variations from
normal. Although the exercise test is less
affected by neurogenic factors than is venti-
lation at rest, further tests are necessary to
distinguish neurogenic hyperventilation
from that due to impaired gaseous
exchange. It is then possible to determine
the type of defect itnpairing the gaseous
exchange.
Increased Resistance.
It is convenient to classify resistance to
respiration into two types: (i) restrictive,
and (ii) obstructive. The restrictive type is
caused by alteration in the elasticity of the
lungs or chest wall. The structures become
more rigid and a greater effort is required
to inflate the lungs. An obstructive dis-
ability is produced by a narrowing of the
air passages. This increases the resistance
to air flow during respiration.
Measurement of the total resistance to
breathing IS too involved for general clinical
use. However, the Inaximal voluntary
ventilation is reduced by increases in the
total resistance to ventilation. This test,
also known as the maximum breathing
capacity (M.B.C.), is an inverse measure
of resistance to breathing when muscular
power is norInaI.
As an Indication of the total resistance to
bI eathing the test is not completely reliable.
Obstructive resistance affects it more than
the restrictive variety and muscular weak-
ness will reduce it even when the resistance
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is normal. In spite of this it remains the
most practIcal estimate of the combined
resistance.
Restrictive Resistance.
The vital capacity (V.C.) Ineasures the
maximal respiratory excursion, sometimes
described as the maximum stroke voltune.
Increase in the elastic resistance restricts
the range of movement so that, with certain
exceptions, the vital capacity provides an
lnverse measure of the restrictive resist-
ance. As the vital capacity can be per-
formed without Increased velocity it is not
greatly affected by frictional resistances
unless these are considerable. However, it
is reduced by muscular weakness and pres-
sure alterations within the thorax without
changes in the resistances. Subject to these
exceptiol1S, reduction of the vital capacity
is a fairly good indication of the presence
of increased restrictive resistance. This
Inay be due to rigidity of the thorax,
thickened pleura, or rigidity of the lungs
(due to fibrosis, early sarcoidosis, or pul-
lTIOnary congestion or cedema).
Obstructive Resistance
As the M.B.C. is affected by both types
of resistance and the V.C. chiefly by the
restrictive type, it follows that, when the
M.B.C. is reduced to a greater degree than
the V.C., an obstructive disability is prob-
ably present.
The Air Velocity Index depends upon
this relationship. When this is below 0·8
an obstructive type of resistance should be
suspected.
A more direct measure of an obstructive
disability is provided by the timed vital
capacity. In this test the individual is
required to perform the vital capacity as
fast as possible and consequently frictional
resistances become important Normally,
83% of the total vital capacity can be
exhaled in one second. When a lower per-
centage is exhaled in one second, an
obstructive type of disabihty is usually
present.
Restrictive disabilities have little effect
upon the timed vital capacity. Obstructive
re';lstance is increased in bronchial asthma,
pulmonary emphyselna, and bronchial
stenosis.
Increased Sensat'lon of Respiratory
Effort.
Pathological increase of respiratory effort
probably occurs in two ways. Firstly, the
effort is likely to be relatively greater if
the muscles are weakened or are used in
a wasteful or uncoordinated manner.
Secondly, the effort may be appreciated
lTIOre readily by an increased sensitivity of
the luental apparatus. This is suspected in
neurosis.
Irrespective of the cause, less exercise
than usual will produce dyspnrea when the
respiratory effort is increased abnormally
or appreclated more readily. Variations of
mental sensitivity are probably not exces-
sive and are evidently unimportant in the
recognItion of incapacitating dyspncea, as
this occurs with a relatively constant degree
of resistance (Marshall et alii, 1954).
OBJECTIVE MEASURE OF TOTAL
RESPIRATORY INCAPACITY.
In addition to deterrnining the type of
defect present, it is unportant to attelTIpt
to measure the total incapacity. Theoreti-
cally this could be obtained by measuring
alterations in the three factors which deter-
mine the exertion level of dyspncea. Of
these factors, hyperventilation can be
measured by an exercise test, and M.B.C.
provides both an inverse measure of the
resistance to breathing and a direct measure
of muscular weakness.
It is evident that these two tests com-
bined provide an almost complete measure
of the total disability present. The tests
have been combined in various ways; the
simplest is to divide the W.V. by the
M.B.C. This IS terll1ed the Dyspncea Index
and is normally less than o· I. The index
increases as the incapacity becomes greater.
Although the dyspncea index is not
entirely reliable, it provides the best avail-
able objective a"sessment of the degree of
incapacity.
Part II: The Management of Dyspnoea
by Physiotherapy.
In the management of patients with a
lowered exertional level of dyspnrea,
physiotherapy has been employed in various
ways to improve the breathing mechanism.
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There has been a tendency on the part of
medical practitioners to prescribe a stereo-
typed set of breathIng exerCIses for all
types of respiratory disabilities. As the
factors causing dyspno:a are diverse, it
would appear more rational to devise
specific forms of exercise for each type of
disability. Owing to the nature of dyspncea
it is suggested that breathing exercises
should be designed to Ineet the individual
requirements of each patient.
The followIng observations are based in
part upon llnpressions galned from the
treatment of patients with various types of
defects. It ]s emphasIzed that a considerable
amount of investigation will be required
before the best practice can be established.
HYPERVENTILATION
Hyperventilation is seldom the sole
abnorluahty causing dyspnoea, but it is
often a contrIbutIng factor
NeurogenIc hyperventllatlon is occasion-
ally present alone, although it may be a
superadded phenolnenon in a patient with a
pathological chest condition.
Neurogenic hyperventilation serves no
useful purpose and if extreme will produce
symptoms due to hypocapnia.. Once recog-
nized, treatment of this type of hyper-
ventilation often gives gratifying results.
The aim is to control the excessive ventila-
tion. This is achieved by instruction in
relaxation and in slower respiration,
explanation, and reassurance.. General
body-building exercises and gaines also
help to restore confidence.
Hyp~rventilation due to defective gaseous
exchange within the lungs is theoretically
lTIOre difficult to control by breathing exer-
cises, which are unlikely to diminish hyper-
ventilation due to diffusion defects or
vascular shunts in the lungs.. Possibly they
could alleviate uneven ventilation of the
lungs in emphysema, but it is doubtful
whether the present breathing exercises
achieve this.
INCREASED RESISTANCE
If treatment is commenced before the
disability becomes irreversible it is generally
believed that breathing exercises are capable
of improving certain types of restrictive dis-
ability. For this reason breathing exercise'S
are advocated fairly early in the treatment
of pleural effusions and post-surgically
when the thoracic cage has been Interfered
with. The exercises should be desIgned to
lncrease the maximal range of movement of
the affected part of the thoracic cage or of
the diaphragm.
Restrictive resistance due to increased
rigidity of the lungs is less likely to be
improved by breathIng exercises, but the
value of deep breathing reqUIres further
investigation.
Obstructive resistance is frequently bene-
fited by physiotherapy. When the sputum
IS copious, postural drainage assists to clear
the bronchi..
Breathing exercises can decrease broncho-
spasm due to asthma or asthmatic bron-
chitis.. Spasmodic attacks are sometimes
abolished entirely in early cases and in
others the attacks are often reduced in
frequency and severity.
It is difficult to understand how breathing
exercises correct spasm of the bronchial
muscles unless this is achieved by a nerve
reflex.. It has been demonstrated by Bolton
et alii (1956) that the wheeze of asthma
is diminished by increasing the range of
diaphragmatic moveinent by various ways,
including stimulation of the phrenic nerve.
This suggests that a reflex, diminishing
bronchial spasm, is initiated by increased
diaphragmatic movement. Furthermore,
Bolton et alii (1956) have shown that
breathing exercises designed specifically to
-increase diaphragmatic movement give
better results than the exercises advised by
the Asthma Research Council.
Breathing exercises cannot be expected
to alter obstructive resistance due to struc-
tural narrowing of the bronchi. However,
in SQIne cases they appear to assist the
patient to adjust to the disability.
S:gNSATION OF RESPIRATORY EFFORT..
When the respiratory effort is increased
by muscular weakness or by wasteful and
uncoordinated movetnents, some improve-
n1ent should be obtained by breathing exer-
cises. The usual form of breathing exercises
IS designed to elilninate wasteful or
uncoordinated movement When this is
achieved, the respiratory effort will be
reduced and the degree of dyspncea lessened.
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On the other hand, the saIne breathing
exercises are not likely to be very effective
in increasing muscular strength and modi-
fications may be necessary to achieve this.
COMBINED DISABILITIES.
Most pathological processes cause Inore
than one type of defect, for example, dif-
fuse sarcoIdosis of the lungs Inay interfere
with gaseous exchange and also increase the
rigidity of the lungs, and at a later stage
it may cause narrowing of the bronchi.
Severe emphysema may cause hyperventila-
tion due to uneven ventilation within the
lungs and also increase the obstructive
resistance.
I t is obviously desirable to assess each
patient individually, not only Initially but
with each change in condition. It is prob-
able that in the future breathing exercises
will become more varied and be designed
according to the type, or types, of dis-
abIlity it is intended to alleviate.
SUMMARY
I Reasons have been advanced to show
that the symptom of dyspncea is caused by
exercise in the following manner: Exer-
eise ~ HyperventIlation ~ Resistance to
breathIng ~ A sense of respiratory effort ~
Dyspncea.
2. The aITIOunt of exercise producing
dyspncea is reduced when any of the inter-
Inediary factors is increased independently
by a pathological process.
3. An analysis has been made of the
various factors leading to hyperventilation~
increased resistance, or increased respira-
tory effort, and lnethods for their detection
are discussed.
4- It has been stressed that it is necessary
to design breathing exercises capable of
alleviating the specific type of defect. Sug-
gested modifications have been outlined..
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